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"SHIP RES > RESPONSE TO RANGE ACTION 


By BASIL WILSON, Assoc. M. M. ASCE 


The « conditions under which a ‘moored wil respond to sea oscillations i in 


ness of the moorings, the magnitude of the s seiche, and ‘the Jocation of the ship 


within mass of the ship is is of only minor ‘importance in ongitudinal | 


erse are to lie ii in the range 0 min to 2 
—_ verification of the theory on models is described, and further evidence 


_ Suppor ting the theoretical findings i is adduced, indirectly, by induction from an 


analysis of rope breakages and, directly, by measurement and correlation of the 
motions of prototype » ships with the activating seiches. The importance of 


tight and of shock- c-absorbing fenders i in to circumvent troubles 


: 7 ‘lies i in the subjugation of disturbances that t have periodicities of of less than 2 min 


1. 

‘The studies reported in this paper arose as part of the researches into the 


"cause and cure of ‘range’’ or surge action in Table Bay Harbor, undertaken at_ 


{ Capetown, Union of South Africa, between 1943 and 1946. _ The general prog- 
: ress of these researches has been outlined briefly in the contemporary ‘“‘ Annual © 


Reports” ” of the general manager of the South African Railways and Harbours, © 


- Nore.—Written comments are invited for publication; the last discussion should be submitted by May 


1 Asst. Research Engr., » Chi. ‘Civ. . Engr’s Office, South African Railways and Harbours, Johannesburg, y 
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forces between ship and quay, which increase approximately as the square of the 
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but: a more coherent, although n necessarily curtailed, account of the phenomenon | 


- - its investigation is contained in a paper describing the new graving dock at 
Capetown. The complete manuscript, which was: the basis this paper, has” 
been filed in the Engineering Societies Library” for reference. 7 


7 _ ie. Range action or surge action connotes essentially a motion of water induced 
_ by seiches, operating \ within the confines of a harbor basin. The term “ seiche,” . 
itself, implies a resonant oscillation of water or ‘ ‘standing wave,” sustained by — 

; disturbing forces, such as marine or atmospheric wave trains, whose impressed 

frequency coincides, or closely ¢ concurs, with the natural frequency 0 of oscillation 
of the body of water within the boundaries of the basin. The thythmie va varia-_ 
tions of water level at the extremity of Lake Geneva, in Switzerland, were 

‘described as seiches more than two hundred years ago. 

It usually happens that seiches occur in complex combinations involving 
both fundamental and higher harmonic modes of oscillation along the p! principal | - 

Axes 0 of the basin. ' he higher frequencies o of oscillation are undoubtedly 
7 stimulated, for the most part, by v visible storm sw vells, entering g the basin,1 whereas — 

the invisible ground swells of the incoming train of sea waves generally promote 


-.. this is considered to have been adequately established from data collected 
at Capetown, but it is is not within the ‘province of this pa paper to prove that range 
_ action is, in fact, so constituted . Rather, the premise which will be adopted i is 
that the agency responsible for ship movement, Ww hen n range action occurs, is of 
- the nature of a combination of seiches or standing waves. © 


> 


= 


The effect of severe range action on shipping berthed alongside solid quays 
or jetties is always impressive ¢ and sometimes alarming. ¥ For ‘no apparent r reason 

a ship will describe simultaneous translatory motions in three dimensions 

_ within the compass of her mooring ropes. a There have been cases, especially — 
with large ships, w here this action has been severe e and prolonged enough to. 

break all the | ropes and to splinter the timber fendering between the 
Ship ¢ and the quay. On such occasions the ship’s shell plating and and | bulkheads: ; 


undoubtedly \ will also suffer damage of a a serious kind. 


far more than these, pose the 
3 deeper, , the significance of the seiches of "higher frequency | grew more sre evident. ent. 


Clear-cut relationships were elusive e and were always being occluded by puzzling 


peeted manner. For these reasons, ‘it was very as to w what extent 

disturbances | were activated by the s strong, transverse seiches with periodi- 

cities from 1.7 min to 1.9 min found within thee basins, or by their prominent 

second The importance of still higher frequency oscillations was 


ee “The Sturrock Graving Dock, Gus Tow mm” te David Eric Paterson, Journal, Inst. C. E., October, : 


West 39th St., New York 18, N. 
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Observations of ship p motion ‘were as offered, but it was 
A _ soon realized that mere measurements of ship movements could not in them- - 


5 selves provide the answer to this general question unless a sufficient number of a 
4 ships of all sizes could be observed. Practical difficulties, largely influenced by | 


unpredictable nature of ship behavior, ‘militated against this statistical 
appr oach, al and the only satisfactory method of treating the problem appeared _ 


to be to examine the relationships theoretically and to check them against such — 
observations as became available. 


a 2. THe ‘SPRING ANALOGY OF ‘SHIP 


a While observing ‘ship movements in the model of Table Bay Harbor, it a 
_ became apparent that, under identical conditions, a ship restrained by ‘Topes — 
7 Per a much more violent : motion than a ship free to move to the fullest extent 
in the current of a seiche. ‘The movements in the two cases had an important 7 
phase difference, that of the moored ship at times being directly opposed to the | 
- movement of the free ship and of the current. It was clear that the effect of the — 
% mooring ropes was so important that careful attention would have to be devoted 7 
to the nature of their action. The problem, , indeed, was at once seen to be 
analogous to that of a mass, whose point of” suspension is 
subject to a periodic displacement. — On this analogy the e ship \ would be repre- 
al by. the suspended mass, the ‘mooring r ropes by the s] spring, and the seiche ~ 
current by the periodic disturbing force or displacement. 
every ship, according to her size and the slackness or 0 other characteris- 
-4 - ties of her 1 mooring ropes, there will exist, on this analogy, : a critical period at 
WwW hich she will oscillate dangerously, if there exists also a disturbing impulse of 
the same periodicity. a The disturbing periodicities, of course, are more or less ~ 
“4 fixed, being the oscillations that develop naturally in the harbor basins accordin q 
' to the ‘size and shape of the basins, and it is only when the critical period of oo f 
moored. ship is in fairly close agreement w ith the period of sea oscillation that 
resonance can take place. _ When this happens, ropes are likely to be broken; a 
‘if the movement is ‘ off rand on,” fenders s can be crushed. This i in essence 


is the idealized nature of the saemenie as it was envisaged and a as it w: was s subse- 7 


os Notation. —The letter symbols in | this paper are defined w _ they are first — 


in text or r by the illustrations. 


= 
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| In broaching the problem it was necessary to siiseemiaiiiaaa of the relation- 

- ship existing betw een the retarding pull of a ship’s ropes and the clei 
: ‘Fig. 1 may be assumed to represent a single rope or all the ropes « collectively — 7 
at one end of a moored ship, their lengths being So between A, the rest position — ° 
of the ship’ s fair-lead (a A rope guide), : and B, the bollard on the quay, and their a 
Bap iene point ; of sag occurring at C, an intermediate | point below the quay | level. 
- Assuming for the present that the ropes are of uniform weight per foot run, they _ 


will hang in the form of: -  catenary ACB, the known elements « of which pei 
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equilibrium conditions when the ship is at rest) are the vertical and horizontal — 
5 distances H, ho and h, l:, respectively. If the suspension point A suffers. a 
horizontal displacement ” Avi in the plane of he rope, slack is taken up and the 


tion of of a new 
catenary A 1BC,, w whose hy- 

pothetical lowest point of 
‘sag, Ci, now lies outside of 
AiB. The known elements 


of the catenary i in this case - 
; are the e length of the rope S 


and the dimensions H and L. 
The tensions developing 
in the rope at any particu- 
—*, lar stage of displacement of 
Fre. 1 Rope SusPENSsION point A are determinable i = 
rope and the form of the catenary. The latter (in the generalized case when 
4 the rope has} pulled sufficiently taut to throw Ci outside of AiB) may be examined q 
with reference to a coordinate system zOx, the origin of which is taken on the : 
of the catenary A; at a a distance ¢ vertically below (Fig. 1). 


The general equations of the. catenary 1 may then be represented in the forms: 


in the length of hypothetical rope from point C, to any 


point (z,z) on the catenary. . Referring to Fig. 1 and Eq. lao : 


= ccosh —............. (2b) 
"Subtracting | ‘Eq from Eq. 
* > 


Hee ( cosh = cosh = (Ba) 


‘Squaring Eqs. 3, subtracting, and sy in von ms 
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f for hyper bolic functions, 


- 4s 
a Dev 
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4 
- On the right- hand dite of Eq. 6, each term in the bracket is negligible except the ae 


first, and solving for 


— 


auth 

4. AVERAGE Mooring Conpitions CAaPETOWN 


; In South African practice ships of the usual sizes are secured fore and aft to © 


| the quays by combinations of strops a and d ship’ s wires, springs, and re ropes. 4 ; 
| According | to current terminology i in use at Capetown, a“ ‘strop” is a sling a 
:% Gra coir rope with a steel thimble at one end, through which a a ship S wire a 
threaded ‘and doubled back to ‘the ship, the strop itself being looped over the 
“quay bollard. d. A ‘spring,’ "on the other isa of coir rope permanently 


oA limited number of ‘ ‘backsprings” | or os stays is used amidships to in- 

4 crease the holding power; but, for all practical purposes, the moorings of a ship 

may be considered to consist of two groups ‘(bow and stern) of more or less 

equally stressed ropes, whose lines of action are oblique to the longitudinal axis 


the ship at an angle of about 20°00 


‘The. coir strop fulfils in some measure the functions of a mechanical spring 
by absorbing, gradually, the shock of any suddenly applied load. At Capetow, 
coir - strops are of two sizes, 14 in. n. and 18 in. in circumference, and the c common 
‘sizes of steel wire used in conjunction with them are 3 in. , 3.5 in., and 4 in. in 
circumference. — Coir strops usually have a sling length of 18 ft, and the 18- in. 
size would weigh about 18 lb per foot of run as against about 2 lb per foot of run a - 
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for a single wire 4 Ib per ft of run for a double 3. 5-in. . steel wire 


a ship « of averag av verage size at Capetowr n (14,200 tons displacement) | may be | 
_ considered to be held with 24 coir — of 18-in. size in combination with 18 -— 
stec wires of 3.5-in. circumference. 
The average parametric dimensions L ‘ell Hi for these moorings are, | Tes- 


_ pectiv vely, 85 ft and 18 ft. _ The dimensions ho and l. in Fig. 1 may be assumed, 
in general, to be, respectively, 2 ft and 10 ft. From know wledge ‘of the dimen-_ 


> 


"4 sions, Lo and H and ho, the average initial ler length So of the moorings 
be computed to be 88.69 ft. 
5. THe ELASTIC PROPERTIES oF Moorine 
As no reliable information was available in regard to the elastic properties ‘ 
of typical mooring ropes, new and w orn _ samples of coir and steel ropes were 
subjected to repeated loading tests. To render the results assimilable, mean 
curves were drawn through the - stabilized hysteresis loops of the | load-extension } 
‘diagr: ams. These gave av verage relationships between load and extension such 
Elle 
2 fT: 
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“Fra. Loap- ELONGATION 3.—TEnston- EXTENSION RELATIONSHIPS F FOR 
CuRVES FoR CoIR AND STEEL -STEEL Moorine CoMBINATION 


as would apply if the ropes were continuously in service. The mean curv 
7 the vé arious ropes tested anid plotted collectiv ely as load- strain diagr 


Despite div ergencies, a indicated within which the load- strain 


qi 


relationship for an a coir rope may be expected to lie. — Considering the 


fact that under average mooring conditions : at Capetown a certain ‘number of — 
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RANGE 


final criterion of f the elastic properties of an 18- in. coir ir rope, the achiteney curve 
 , — OPQ (Fig. 2), w hich is centrally disposed in the band. ~ Results for the steel 

| a _ ropes are more consistent and show little variation as between old and new, 7 

‘except in ultimate strength. The difference in shock-c cushioning g capacity 

_betw coir and steel is well portrayed in Fig. 2 

i Since the > equilibrium | length of of an average I ‘mooring is So = = 88.7 7 7 ft, of f which 

18 ft comprises 18-in. coir rope e and the remaining 70.7 ft ¢ comprises 3.5-in. steel 


| 
| rope, the extensions that would occur at various rope tensions in the lengths of | 


the coir and steel may readily be deduced. Curves OCP and OEQ in Fig. 3 
demonstrate these relationships, in which curve OEQ corresponds with the curve 7 


; An average ship of about 14,200 tons displacement, however, is likely to be | 
tied to its berth with 12/9 coir-steel ropes at both bow and im, , and any pull 7 
_ exerted by the ship on the moorings must, in the idealized case here considered, ae, 
§ be distributed uniformly among the 12 coir ropes or among the 9 steel ropes, a ; 
with the result that a an individual steel rope is is called upon t¢ to carry f four thirds of f - 
the load imposed on a on an individual coir rope. Tt will be e necessary, therefore, to a 
adjust the extensions on the steel rope to accord with Ge fact that the load - 
carried will be four ur thirds of that borne e by the coir rope. ~ Curve ODR, Fig. . 


is the result of such an adjustment. 

= THE RELATION SHIP AND Rope. TENSION 

the « of the actual: in n the r rope at: any y point, it. will q 


to consider merely the horizontal component, (The error in this 
assumption can be show n to be insignificant.) Accordingly, Eq. 8 may be 
to present needs. Squaring both sides and the equation 


takes the form of a fa quadratic i in L?,thesolutionof whichis 
| 


mputed as the ordinary arithmetical mean of the Ww eights of the coir - 


If com 

ropes, its value is found to be 2.4 Ib per ft. Since — 2) is likely 


| to vave a fairly constant value in the region of 7, 700, the term )? ——_ 


« therefore be very ry small compared with 1 unity for all values of T. greater 
than, say, 5 ton. Whence, with sufficient 


{ 
The implication of this Py ationship i is that the tension on the 


rope is still comparatively insignificant—less than 0.5 ton—when all slack is 
taken up and the rope becomes completely | taut. _ Measurable | tension then 
dev evelops only when the rope has been pulled into straight- “line suspension. 

_ now seen that the weight of the rope is of no practice al ¢ consequence. oe 
By selecting arbitrary values of rope tension, the corresponding exten- 
‘sions, ds (coir + + steel), of an n equivalent unit mooring can be read from Fig. a. 
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and the length o of the 1 e mooring can be determined . as = So- + as. From Eq. 
10, is then simply derived, and the movement of the s hip, ae = L— 
pe... Fig. 4,a is s shown, in 1 plan \ view, moored parallel to a quay at a diss 
The moorings AB and A’B’ are 
a 


sve 


Fie. 4.—GEOMETRY OF LONGITUDINAL AND TRANSVERSE SHIP MoTION 


| projections of the ropes on the plane and correspond with 
: length Lo in Fig. 1, when the ship is at rest. : It is obvious than any horizontal 
movement of the ship under the influence of seiches and mooring restraints | may 


; be resolved into longitudinal and transverse components relative to the qi quay, 


respectively, u u and vw. 


q 
= 
7 
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Component Tension (Tons of 2,000 Ib 


a 

“Fra. 5 5.— RELATIONSHIP BETWEEN N Rope AND Movement . 

conversion of dL dL according to ‘Fig. 4 is is represented in Fig. 5 The 

dimension Yo has been assumed equal to 34 ft. 5 illustrates very ‘clearly 

that an average ship, moored under the conditions| ‘commonly observed at — a | 7 
Capetown, is almost completely free to displace longitudinally through a dis- 

tance of 2.5 ft, and transversely through a a distance of 6.5 ft, before any effective 


_ Tope te tension is developed in  santating the movemen t. The relationsh relationships in Fig. 
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in which k is a constant, and n, a numerical as may ‘he apparent from 

5. 

| the superimposed curves in | Fig. 5. Of the two functions show n enveloping the ; 7 


curve for longitudinal m motion e aye with 1/k = - 324and n = 6.37 is considered oe 
, eS be more appropriate as giving greater accuracy over the range of tensions - 


0 ton to 10 tons. 


LonerrupivaL SHIP Motion UNDER THE STIMULUS OF SEIcHE 


In the present treatment of this problem the vertical motion of the ship i is 
§  —— and that part of the hy horizontal motion which i is parallel to the quay is 
considered first. - ‘The seiche applicable to these conditions is that which hasits = 
> 


node at right : angles to the side | of the basin or berth along which the ship is © 7 

,¢ Placing the origin O of a system of ' coordinates ZOX on the still water 
, _ surface at one end of the dock (assumed rectangular and of uniform depth), and . - 
tte horizontal side at which the ship is the z-axis being 


in which A is the maximum vertical amplitude (half range) of the seiche; di is _ _ 


ea the depth of the water in the basin: measured from still water level; p is the BO q 


angular frequency | (equal to 2 7 To being the period) of the : seiche; and q qis s the a 


nodal frequency for par ticular ‘seiche, of value m (D being the length of 


| ! _ the side of the basin and m, an integer defining the nodality of the — . In 7 
| 


oe ‘Eq. 12, t has its usual significance of time; and e¢, of phase an angle. saiell 


The factor — in 12 varies from at water 


te at sea | bottom; + and, since the depth dis usually small com- 

pared with the dimension D involved in q; the hyperbolic sine and are re of 


\ _ the same order, if only the lowest modes of oscillation (such as m = = 1,2, and 3) 
are considered. ‘The horizontal movement of water is thus sensibly the ‘same 


tends to become when the product q a is small. 


Differentiating Eq. 12 with respect to the horizontal of f the water 


e™ 


stony platen 


—_ 3 ‘“‘Hydrodynamics,’”’ by Horace Lamb, University Press, Cambridge, England, 1932, p. 356, Article 228. — 


§ conform closely to equations of the following type: — 
7 
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"RANGE ACTION 


The: ange, 6 of the seiche has been discarded for convenience as being 


unimportant to the argument. 


‘The velocity of the horizontal surge affecting the ‘ship at ¢ at all depths of its 


draft at any instant is thus V cos p p t. ~The value « of V varies, of course, , along” 
length of the ship, but it wi ill be sufficient i in most ¢ cases to take the value of 
orresponding to midposition « of the ship and to regard this as representative of 
Let the acquired velocity of the ship i in 1 the periodic « current be en Then t the | 
velocity « of the water relative to the ship is V cos (p p - om: vp v; and the velocity of | 
‘The force exerted by a stream of water on a ‘submerged cylinder is the 
_ product of the mass of the displaced water and the acceleration of the stream ir n 
passing the obstruction.’ It seems s justifiable to suppose that the force inducing 
- translation of the ship. will be given by the product of the mass of the displaced 
water (also the mass of the ship M) and the acceleration of the 


3 


‘The forces opposing the motion of the ship comprise the skin- frictional 


resistance of the ater R, and the retarding pull of the ropes, The 
resistance R can be expressed as as — 


which Qis is a constant depending upon the ship being 


‘The velocity V cos pt of the periodic current of a seiche is never likely to 5 | 
exceed: about 1 knot at the most in any deep water harbor. - That this is true 7 


gaged (see st subsequently in Eq. 27) from the relation A 
Under - what Ww ould be regarded as very severe range action, if A = 1 ft and 


d = 40 ft, , the : surge velocity ¢ at a node would not enceail Px 0.9 ft per sec. 
Consequently, the curve of Eq. 16 may be accepted as being reasonably straight 
over the limited range of small Vv wlocition and representable as a straight line w = > 


Ad 


Re new constant K ‘depends ¢ essentially on the size and shape of the ship. -_ 


4 


= 
‘The longitudinal ‘component of the retarding ‘pull of the ship’s s ropes, 
< 
2 h | been shown ‘to be related to the horizontal movement of the ‘ship along 
4 “Hydrodynamics,” by Horace Lamb, University Press, Cambridge, England, 1932, p. 76, Article 68. 7 


= 


Hy drody namics,” Louis M. Milne-Thomson, Macmillan Co., London, (1938, 


— 
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quay by the of the type=T, = Cu", in Ww hich Cis is a constant: depend- 
2 on the number and size of the ropes : and their c condition (Section 6). oo 
- It has already been shown that, although there i is alw ays tension in the ropes, — 
no matter how slack they may be, such tension is quite negligible ‘compared - 
with the pulls that develop i in retarding the 1 movement of the he ship. — Conse- > 


quently, when the s ship pulls on the stern ropes, the tensions from the bow ropes _ 


can be neglected, and vice versa, ar 


By representing ship velocity i in terms of the horizontal travel of the aes 
- 15 and 17 may be further developed as — 


F=-M (v p sin pt + oll 
_and 


= ee 


The equation of motion of the ship along t the quay | under the stimulus of the © 


"period surge » and the restraints of friction and moorings may now be written’ 


> 


Ww hich reduces ces (on substitution | of the results of Eqs. 11 and 18) to _ differenti: ee : 


— 


2M dt toy 


= 2. 2 a 


Eq. 20, although representative of a common, natural phenomenon, appears 


“to have no ) general solution in ordinary transcendental functions. | 


7 pass Ww hen n = 1 can the solution be evaluated, 
- damped ‘motion of an ordinary spring-suspended mass under the action 7 


periodic disturbing force. 


such a case representing the 


Only in the 


— clearly contain neither of the variables u and t, but only the quantities Pp (or th 


as outlined i in Section 2, 7 


was to ascertain the conditions under which will resonate with the 
activating periodic surge. . The desired information | concerns the particular 
value of the period T of the seic he which will make the horizontal Looe 
Uy elationship expressing this condition = 


The prineipa al object t of f the theoretical approach, 


u, of the ship, a maximum. Any r 


, and V, w hich are the “ stones’ of Eq. 20. ) ‘The elements 
of the function linking these quantities have been derived by dimensiona nal 


ly: nd the critical odicity would ear to take the form: 
ana ysis an e cri ical perio icity would app > 


— 
| 
a 
~ 
= 
: 
a 
7 


in which (to a avoid complex typography) re 


In ‘the particular instance when n = 1, ‘Eqs. 22 reduce tot = and and 
Eq. 21 becomes 3¢ 


4 


“but, since the known solution for this case, derived from the particular integral _ 


of Eq. 20 for n = 1, is r=2 27 (5%) » it follows that. ‘the function y in Eq. | 


«Bisa constant, of value 2 2m. It is reasonable then to conclude that the fune- 


tion y of Eq. 21 is also a constant, of » value 27, and the critical resonance ~ 
“4 condition i in the general case > thus reduces tO 


a. This result is s capable of further dev elopment s since nce V is defined in Eq. 14, in 
which p = nd = periodicity of the st seiche To, in the case of a a 


rectangular basin of uniform depth ‘and with ver tical walls, Victoria 
and | Duncan d docks at Table ‘Bay Harbor, isexpressibleas® 


‘The m maximum velocity V of the horizontal surge of the seiche, a any y point z_ 
_ along the side of the basin where the ship is moored, reduces, , in ene 


The wors worst effects from the periodic current obviously occur when sin ~*~ in 


7 Eq. 26 is ‘equal to 1, or when the cen’ center of the ship happens to be coincident — 


with the — of the the seiche. When the ship is so. situated, 


 Ifkis the spring constant for an individual mooring rope, as defined in Eq. ’ 
by Horace Press, Cambridge, England, 1932, p. 284, Article 190. 
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RANGE ACTION 


ae 


N/2i is half the total number of ropes holding the ship, then, 


2 


= in terms of W, the displacement of the ship, 


The j — to be — on this result is that, if any of the periodi- 
cities To (Eq. 25) of the seiches to which the harbor basin is addicted (in virtue — 
of its: dimensions and depth) agrees with or appr oximates Tin value (Eq. 29) (the 


oof rees with 0 imate: 
resonant , periodicity of the ship according to the manner of its mooring), a very — 
dangerous set of circumstances prevails which might easily result in the e ship | - 
Asa check on Eq. 29 there remains another possible line of approach to the — 
of resonance. The condition of resonance implies equality between 


the free “period « of of the ship- p-spring system the impressed 


periodicity of the seiche, and this, in turn, requires t that the maximum travel of 
the ship, u(max) should 1 equal the maximum amplitude. of horizontal movement _ 
of the water, z(max), 
. The maximum amplitude o of horizontal Ww ater movel ement at the no node of en — 


_seiche is given en by Eq. 12 when sin (p t © and sin qz both « equal unity. 
the use of Eq. 2: 25 Eq. 12 is further reducible to the form: 


Nka 


y. 


q 

. Tha t this identity is is actually true is s established by the following derivation. — 

: * The e condition of resonance envisaged in formulating Eq. 31 requires that the 
acceleration of the ship at the extremity of its travel w’’(max) shall equal the _ 
maximum acceleration of the water mass, 2’"(max). Consequently, differentia- 


ting Eq. 13 with 1 respect to t and putting both sin x and si sin t equal to 


u’’(max) = = 2’’(max) 


A po 


= 
= 
> 
> 
is 
— 
ite 
| 
| ise 
|. 
= 
= 
| 
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4 


= 


longitudinal | component t of ‘the pull thi this acceleration imposes 0 on 


ropes comprises both the inertia force of the u’ (max), and 
ure of the water, Mz (max), and is therefore 


rom Eas. +34, 


= 


M 


By multiplying both sides of Eq. 35 by u(max) and eliminating. the ‘product 

u(max) on the right-hand side in terms of Eq. 


a5. 


and | p= —, the ratio in Eq. 36 can be expressed i in terms of | 

pret and 7 * all of which can be further expressed i in terms of g and d by the use 


of Eq 25. ~The result of these changes i in Eq. 36 establishes the identity of Eq. 


29° is confirmed, therefore, and exemplifies the penetrating analytical 
- power of dimensional analysis. Eqs. 29 and 31 both represent | the resonant 
condition o of ship motion in the longitudin: al direction, within the limits of the © 


 £E q. 31 is extremely useful from the point ¢ of view of generalization and lends" " 
_ itself to further manipulation. — For this purpose it is noted, as in Fig. 5, that — 
_u(max) depends basically on the amount of movement afforded the ship through ; 

" slackness of its ropes. Thus, the amount, Uo, by w hich the ship can displace 
horizontally to draw the of the moorings into a straight line without 


rope extension (assuming this were possible), is s approximately. 


With sufficient approximation. for” most moored ships, ‘the’ “initial Tength of 
-mooring rope can be expressed as 


his result, deriv es from assuming that, when the ship is at rest, -Topes tend fie 


hang ina parabolic catenary, the lowest point of which vat the q quay bollard, has 
a 


q horizontal slope. _ Substituting Eq. 38 in Eq. 37 and resolving the roots ts in 
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ACTION 


pow powers than first of have been since ‘Hi is 
0.2 2 Lo for most conditions of mooring.) | If the maximum | trave el of the ship, 


-u(max), i is greater than wo bya factor then Eq. 31 


d\ 
wr (ay 
g 


‘It in Section 6 that vi value of the ‘exponent n 
- moorings, in the avarage case at Table Bay Harbor, is between 6 and 7. = 
_ ropes are slacker than average, 1 W ill be greater and, ift tighter, n wi ill be less than 
6 and 7; but even in the ¢ case of initially taut ropes n is not likely to be less than — 


about 1.5. It is clear, then, that even comparatively large variations of the 
quantities inside the second set of parentheses 1 in Kq. 29 will not appreciably 


affect the (n+ ‘1th root of the total bracketed qu: uantity. his suggests 


Maximum Individual Rope Tension Tz,in (Tons of 2,0001b) 
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‘Amplitude of Seiche A, in Feet 


NESS ON THE RESONANCE IN LONGITUDINAL Motion 


within limits, the: mass of the the ship and t the number of ropes used i in mooring it 


are of minor importance : as as regards. the | ship’ s reaction to the periodic current. 
By far the most important single factor is the value of n itself. The factor of 

‘next importance is the amplitude, . A, of the seiche, the p periodicity varying 
roughly i in inverse proportion to it. er _ 

_ Itis now necessary to determine t the fre free period of of oscillation for ‘the avel erage 

‘ship (Wo = - 14, 200 tons), Ww whose manner of mooring (N = 18; 1/k = = 324; sand 


n= 4) has has discussed in & 5 and 6. 6. The he depth of water in Table 


ta 
q 


RANGE ACTION 


‘Bay Hashes can be assumed to vary from d = 39 ft te to = 46 ft, according t to 
the state of the tide. ; . Thus the variation of free period with amplitude of seiche | p 
for these two extremes of tide, as computed from Eq. 29 for the values of the 
fore; egoing sy symbols, is illustrated in n Fig. 6 by the curves AA and BB. 7 

w—, curves are of great interest in so far as they show that seiche periodi- 

- cities greater than about 2 min are only capable of producing: resonance efits 


in a a ship, as normally moored, at very small seiche amplitudes, for which move- 
would be so feeble as to produce only insignificant rope’ tensions. This 


i demonstrated by curve OE, which gives the maximum tension developing in 
an individual rope at amen. Data for this curve w ere computed by Eq. 


34a, modified by use of Eq. 25 to the form: 


The he t tensions as as calculated by Eq. 41 have been multiplied by: a 1 factor of. 1.07/9 
in . conformity with the fact that, in the case treated, the total force is 4 


1% greater than dhele longitudinal components. 
The dangerous periodicities for the ship are seen to be in the range — 
- about 1 min down to to 25 sec » with resonance at the higher frequencies possible | 
only: if the seiche amplitudes are very large. For example, if a seiche of about 
30-sec periodicity and a ‘1 ft amplitude prevailed in the harbor, then a ship, 


berthed at a nodal ; point, could be expected to resonate and impose average — 


» ” ain tensions on the mooring ropes of about 10 tons each. - Allowing for 


'€ the facts that (1) individual ropes are likely to be overloaded; (2) test results for | 
- both new and old coir ropes show ultimate , strengths not aie in excess of 
10 tons; and (3) the loading action is cyclic and therefore fatiguing—it will be 
"appreciated t that a ship in these circumstances could easily break adrift. 
If the roy ropes of the ship were initially tighter the extent of making 
i Wke= = 2.83 and Lies 3.8 the possible range of periodicities at w vhich the =f 

~ could resonate dangerously ¥ would be further restricted from about 45 sec down 

to 20 sec (eurve CC, Fig. 6). ; The corresponding rope tensions in this case 

- would be higher (curve OF), and it will be see seen that a ship so moored will still 


bei in 1 considerable of its ro ropes pes under frequency range action 


* 0.147 and n 
be limited from ‘about 30 sec to 20 sec. ship so moored would q 


immune to all seiche ¢ disturbances of greater periodicity; but it would still have 


the curve 0G, w hich shows ‘the rope tensions. mitigating 
a feature here is that: most harbors, although usually incapable of preventing 


penetration of high frequency w: wave poy ;. Ina well designed harbor, therefore 
the chances of 20-sec to 30-sec seiches reaching any exceptional ‘amplitude are 
‘Telatively small, and tight: moorings; although no cure-all, are ms fairly 
effective antidote to longitudinal ship r ranging 
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i On the other hand, if ‘the ship moorings are sla slacker than avearge (1/k and _ 
- considerably greater, s say, » than 324 and 6.8, respectively), long- period seiches 
nant motion. The relationships 
for such ¢: cases W would lie above c curve e AA, Fig. 6, and the dangerous periodicities | 
would cower: cover a range from 30 sec to 80 sec (or more)—frequencies that have far 
greater penetrative powers in harbors than ordinary y storm swells of 10-sec to 
» sec cog ped and which are capable therefore of attaining fairly se 
an -k ropes is thus a ready victim for 
ss ‘The foregoing text treats the case of an average ship of 14,200 tons. displace- _ 
ment. it night apply equally we well to ships both larger a and smaller, that have 7 
~ about the same deck height, since the n mass of the ship has panied little effect 
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., In (Tons of 2,000 
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Maximum Individual Rope Tension 7, 
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eriodicity: W= 9,000 and H = —— 
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Amplitude of Seiche A, in 


Fia. 7.—INFLUENCE OF Size on THE RESONANCE IN LONGITUDINAL 


“upon - final result. . How ever, it will be profitable to examine the ‘effects of | 


the size of the ship in in so far as it influences the height, A, of the ay 


through the ‘medium of Eq. 40, which ey expresses the resonance condition in | 


The criteria are the static parametric dimensions, Hen and Lo, of the mooring _ 
ropes. ‘The. distance H is capable of considerable variation according to the 
4 size of of ‘the ship and the state of its draft; in point of fact, for stern ropes on low 


lying : ships at low tide it can even be negative. - The dimension Lp is less easily F 
_ affected by ship size and, for convenience, may be considered to remain approxi- — 


The factor r rin Eq. . 40, being the ratio of u(max) to wo, will depend on the - 


maximum tension developing in the ropes. _ An n approximate id idea of how * 
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RANGE ACTION 


= 


~ 
with seiche am] may be gained from Figs.5and6. Asan example 


note from Fig. 6 that as seiche amplitude of 0.5 ft will induce a a maximum rope — 
{ tension in av erage moorings ¢ of 3.1 tons. This tension cor responds i in Fig. 5 with Bs 
—-u(max) = 2.85 ft, whereas uo is seen to be about 2 ft. The ratio r, accordingly, | 

for A = 0.5 ft, is 1.42. _ In this way r is found to vary from about 1 to 2 over a 


range of seiche amplitudes. from 0 ft to 1.25 The assumption will be made 


Taking the mean depth of water as d = 42.5 ft, it is then possible to investi- 
gate the relationship of Kq. 40 in respect to vessels of three sizes—namely, ~ 
av "erage ship. of Ww = 14, 200 tons for which H = 18 ft, a leviathan of W = 
50,000 tons for w hich H might be, say, 30 ft, and a lo low r lying tanker of W "? 

9 000 tons ons for which might be only 5 5 ft. : 


curve Fig large § ship of 000 tons (H- 30 ft), on ‘the 


other hand, resonates at much lower. frequencies (curve BB), and is most 


dangerous when under the s spell of large amplitude ‘seiches of from 2-min to 
1-min periodicities. Individual rope tensions, as computed from Eq. 41 (the 


case > (curve OE) than for tl the a average ship (curve OD), so that again no import- _ 


- ance e need be attached to resonance with long- period seiches (2r min to 5 min and 


- ship is assumed ‘to be tied with a total of 38 ropes), are actually lower i in this" 


The low ‘lying ship | of 9, 000 tons (H = mm) ft) i Is capable of resonating at only” 


the highest frequencies (less. ‘than 10 ‘sec—eurve CC), but is nevertheless a 
dar angerous “ ‘customer ” inasmuc ch as the tensions dev eloped i in its ropes (NV = 14) 


are extremely large even at very small seiche amplitudes (curve OF). al a 
The conclusion is now draw n that high riding ships of large tonnage | are 


~ prone to be influenced more by ‘the longer period seiches i in ther range from 0 min 


to 2 min whereas as low lying ships respond n more to the higher frequencies. The : 
_ mystery of why certain ships give trouble under quite mild conditions of range, 
while others successfully ride out much heavier incidences, would now also seem 
1o be » explained. — -* The location of the ship, 1 w hether at a a node or at a loop o of : a 
oe the reece its mooring, whether with tight « or slack ropes—adequate 
‘ or inadequate in number; the condition of its draft or the design of its decks, 
ow hether high or low i in the water; and, above all, the n magnitude and periodicity — 


a of the seiche disturbance, Ww vhether large « or r small—are the. essential factors that 
determine the reaction of the ship. 


Consider 1 ao a ined, of horizontal motion of the ship normal to the. 


“quay. _ Enlarging the system of coordinates previously used toa three-dimen- 


sional one, with the . z-axis horizontal along the side of the dock at which the 


is horizontal ai at angles tl ther reto, the Z- -axis is being 
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ship is lying and the y-ax 


“of a water particle ata any y distance 4 y from the z-axis can vies written as hw 


f 


length or width of the ate of ithe parallel to the y- axis. 


If the center line of the ship be located at a distance Ve from the ¢ quay wall, " aa 


as in Fig. 4, the ship will be subject to a periodic ¢ lateral d displacement, through | — 


the off-and- on movement of the seiche, of 


Now, Yo will usually be small compared with B, so ‘so that, provided the nodality 


- the seiche is of a low order (m = 1, 2, or 3), the sine inv volving Yo 0 may be 


omay be 
replaced by ma Y of Hence, ming 


Bu For the average ship featured in this paper, Yo is about 34 ft; and, if the mean 
; wat rater depth be taken asd = 42.5 ft, it is clear that even if the amplitude of the — 
_seiche, A, is very large, with a value, say, of 1.25 ft, the maximum amplitude of 
lateral ship m movement cannot exceed about 1 ft. It follows | then from Fig. 5 
that, s since the: ship must move laterally from the position a distance of about 
| ‘ oy 6 ft before any effective rope tension can come into play, no form of resonant _ 


transvers se} motion of the ship i is possible. The circumstances too are 


toward the quay are the virtually inelastic forces i in compression wre timber 
fenders and the ship’s shell plating and bulkheads. ‘ ~ As often happens, however, 
_ the ship may be under the influence of an oblique seiche, especially if located 
near a corner of the dock, and the longitudinal and transv erse > components of - 
D motion will then synchronize, 1 with the result that the lateral movement of the — 


ship will largely f eat the time pattern of f the longitudinal movement along the a 


. Most of the severe damage that occurs during range action results from the | _ 
; unsatisfactory cushioning medium t¢ to absor b the shock when the ship i is impelled — - 
toward the quay during the on-movement. is of interest to estimate the 
; maximum force of impact that a ship may be called upon to absorb w when this — 
happens. - The v worst condition will arise when the s ship has a clearance betwee een 
itself and the fenders exactly equal to the amplitude of the on-movement, 9, 


* 4 for then the impact will occur just as as the accelerations of the ship : and the v water 


rea reach their peak. These. accelerations, give en by the second differential 


coefficient of Eq. 44 with respect totime, are 


Yr 


| 
ay? 
il 
q 
42 is similar to Eq. 12, by 
are at right angles to the y-axis. The symbols have the same designations as _ - 3 
the 
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4 RANGE ACTION 


‘The resisting force P,(max) called into wey “must sustain both the inertia of | 
the eship, M gy”, 


and the pressure of the water on the ship, also one : ; 


q 


This result may be veudeeed } in different form by the use of Eq. 25, in which B = 
now replaces D, as follows: 


at P (max) = 0 an 


‘If the a lunge at the instant of impact, there 
will be the additional force of the inward pull of the ship’s bow or stern ropes. — 
_ According to Fig. 4 this force will be Yo/X of the maximum longitudinal pull, | 
given by Eq. 41. Thelatterr may be somew hat differ ently stated by st ubstitution 
Eq. 25 and, accordingly, 


Using now the e suffixes xt and y to distinguish the: amplitudes : and nodalities of the 
longitudinal and transverse seiches, the combination of Eqs. 47 and 48 yields 


Eq. 49 reveals at once > that: it is not the fundamental seiches w which havetobe 


feared during range action, but rather their higher harmonics, with nodalities of 
2, 3, and higher, because the force i increases as the square of the nodality i in nthe © 

principal term. Owing to the aj approximation made in for: mulating Eq. 44, Eq. 

49 will not be. valid bo speed large values of m; but, in any case, arate are limits. 


any event, the seiche that will produce the 


value of P(max) are between, say, 1 min and 20 sec, for these usually constitute — 
the mos active multinodal seiches within a harbor. This deduction is in 


keeping with the conclusions of Se Section 9 that th the seiches of higher — 
generally the most dangerous for - ships. 
all If the ship were lying along the shorter tie, Rive the y-axis of the dock, the 


force of impact would be © 


Since Bi is less than D, it is always easier for a multinodal transverse seiche to ; 


maintain itself with larger amplitude than a multitudinal longitudinal se seiche of 
‘the same periodicity. — a This fact leads to the general conclusion that Eq. 49 
will always give a higher her value than Eq. 50, and that damage to ship plating and 
. harbor installations i is more Mihaly too occur at berths along the longer side. of the 
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The importance wel ship: size in _—— impact is a further point of interest, for on 


the force P(max) i increases virtually as the square of the displacement tonnage. q - 


= 


This increase occurs because the dimension Yo (approximately half the beam of 
the ship) is itself a function of W. _ The berthing of very large ships at points” 
ina harbor: a where the on- movement from transferse seiches is severe should — 


therefore never be allowec ed unless the berths are equipped with | special shock- 


confirm ming the pre principles e evolved in this p paper we eo at the 

Range L Laboratory at Capetown. n. Simple apparatus for demonstrating seiches — 
a model ‘similar to that used by E. Maclagen- Wedderburn,’ 


q 


| cam & 


‘Fra. 8. 


adapted to good purpose for these eae’ This apparatus took the form 
of a shallow glass-sided tank 6 ft long, one end of which was partitioned off as 
q compartment for a displacer, moving vertically in s simple harmonic motion. 
The partition had a narrow opening at the bottom permitting the flux of water 
necessary to stimulate a seiche in the rem remaining part of the trough. z A second 


‘partition (without an opening) could be moved to any position so as to m make te 


4 


2 effective length of the tank correspond | with the » period of the. displacer, r, for the — 
_ A mooring carriage (Fig. , 8), constructed of toy building parts, ws as placed — 
gers the tops of the glass sides of the tank. _ ‘The: model'ships, floating in the 


— - 7“On the Hydrodynamical Theory of Seiches,” by G. Chrystal, Transactions, Royal Soc. of Edinburgh, 
Vol. 41, 1904-1905, 905, Pt. Il, pp. (599-649. 
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water of the trough, were held one at a time with rubber strops to the suspension — 


points below the body of the carriage. These ‘Suspension points could be raised 
_ lowered at will, or - brought together or - farther apart, by the _ operation | of | 


handwheels. By this control the tension in the model ‘ship’s ropes could 


adjusted to any selected v value. “ the rubber 


‘The ships, visible i in n Fig. 8 8, were modeled in w ood with lead inserts to give > 
ins the correct buoyancy. The scales used w were those of the main harbor > 
model— —1/1,: 200 horizontally and ‘1/144 vertically. The obvious distortion of 
id the models was of no consequence to the investigation since no attempt was 
made to translate the model findings to the prototype scale, but, rather, to | 
‘ corroborate theory by a direct : application of principles to the model conditions. : 

Before experiments we were made, the critical resonant periodicities at w hich 
the various sizes of would oscillate when 


> 
q 
= 
| 
= Fie. 9.—Tasie Bay Harsor, Unton ICA 
centrally in n the nodes of different uninodal iin ere ere computed accor ding to - . 
the theory evolved in this p paper, 


a In attempting to check the > results in the experimental t tank, the procedure 
‘followed was to take different of the basin and adjust the 


0.7 7em in a depth of vater of em was set up. ‘The ship, tied tightly by 
_ anap appropriate | pair rofr ropes to then mooring | carr iage, was then placed at the node 
f° - the seiche and the suspension n points move ed inward toward each other so as 1 to 
slack off the ropes to the degree necessary to cause the ‘ship to oscillate most — 
violently in the periodic current of the seiche. _ ‘The horizontal distance between 


suspension points could then be be measured accurately across the top of the 
carriage | and the value of hes producing critical motion, - determined. 1. The 


measured | values of L Lo w ere then checked against t those computed. oe 


a their incorporation in this paper, but the results of the tests were more 
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than gratifying. and proved that, for the idealized conditions w which it teats, 
As absolutely reliable. m¢ 


of tight: ropes palliative to: range action in ing of ships. 


2. THE § SraTisTicaAL ANALYSIS OF Rope -BREAKAGES AT 


“The experimental verification of the theoretical ‘approach to the of 
a “ship ranging permitted the use of the theory in a statistical analysis of the port | 
4 


captain’ s records of rope breakages at Table Bay Harbor from 1940 to 1946. 


The length of the paper ag: again precludes the presentation ofa any ny details of this 
application — beyond | certain ane which have an important bearing on the 


present theme, 
le It was found, for instance, that certain berths in Table Bay Harbor are _ 


7 susceptible to effects from range action, w hereas other berths ; are practically — 


immune. . The percentage chances that ships ‘moored at the v rarious berths in — 
(Fig 9) will part ro ‘during oF BERTHS 

& Harpor, CaPeTown, UNION 0 OF 
comparative basis Sours AFRICA mi 


shown i in Table 1. 


Inthe > Duncan Basin, B oy ICTORIA, 


wa seen to afford a 1 in 3 chance 


| 


1.8 min. This inference receives further support from the fact that D berth, , 
coinciding with the other node of the second harmonic, ¢ carries also a higher | 


chance of. rope breakage than C berth, at the node of the funda-— 


a Now the range action model of Table Bay Harbor, besides reproducing the 

range phenomenon with remarkable accuracy, demonstrated quite conclusively 
that, although the Victoria Basin could respond to a number of modes of oscil- 
lation in the range of periods greater t than 4 min, all of these took the form of of ~ 
general r rise and fall of water over the entire area of the dock. In the range inge of 
‘periods of less than 4 min the two n ‘most important critical Lrenyomeuged to Ww hieh 


ooo 
| _ of rope trouble during range ‘Chance Chance 
tion, and from that pr point 
quite eclipses any other berth. No. 7 Quay. 4 | 
On the other hand, this berth lies Inside No. 2 Jetty. 
tha nada af tha orth side Collier Jetty..... 2.0 
on the node of the second har- No.l side Jetty..... F 6.4 
=0 No. 1 South Arm........... 1G 
monic 8 — i. 0 min) of the No. 2 South Arm....... 11.0 
transver: se oscillation (+ = 1.7 ‘Res “3 and 4 South Arm.... 17.9 
204 | K | 665 
7 
therefore, that the higher frequency seiche must be relativ ely worse for ships” = 
. the size normally accommodated there than for one with a periodicity of about 


of which the latter was was much the : of a 
than 4 min are e obviously incapable of causing rope breakages i in the Victoria 
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Basin and yet, on the whole, ‘the Vi ictoria Basin has fully 10% of the suscepti 

bility | of the Duncan Basin to range damage i in the form of broken 1 ropes. The 

_ only conclusion is that periodicities less than 4 min (and probably less than 2.5 + 
- min) are alone responsible for the troubles inherent in range action. __ 
™ Table 1 records another | point of interest in that the inside of No. 2 Jetty and ~ 
“the north side of the Collier Jetty have the lowest susceptibilities of all the 
berths recorded i in the’ Victoria Basin. WwW hy this should be so may | be e gleaned 
from Fig. 9, W hich shows s that. No. 2 Jetty and the Collier Jetty form m the pro- 
-tecting arms for an inner basin w within which the berths in question lie. i Since 


such a system is effective | only i in damping the penetration of the higher nl 


quency disturbances, the latter are apparently the ones to which ships are most 


(138. Morton BY OnseRvatton AND MEASUREMENT 


During the course of the researches a at Capetown a seen sl ships of all” 
- sizes came under observation. It was the practice, when making measurments 
of ship motion, to record concurrently the characteristics of the prevailing 
seiches on “‘ seichometers” ’ or or portable tide gages, at points adjoining the berth — 
= by the ship. ‘Then measurements 01 on the ship comprised simultaneous | 
recordings of the horizontal “components of displacement, and v. Two 
_ observers were engaged i in this task, one of whom, as the ship reached the 


of its longitudinal or la yr lateral travel, called out the readings, or on 


-= tapes, one lying | on, and “parallel to, “the edge of the qua quay, y, and the other % 


_ stretched between a point on the ship wail the observer’s hands. The second | en 


observer recorded and times to the nearest second. method, 


self-recording No: attempt wa was ever made to record 
the vertical motions of a ship, since these were considered to be of no particular 


Gross (w hen ob- (between Beam loaded Draft (when 
" Fegistered serv’ ed) perpendic- observed) — 


ulars) 


5000 | 6400 | | 55 
Anna Howard Shaw... 13,400 «| 57 27.5 
M.S. Le Tigre....:| | 2,000 | 220 | 
Niewo 36,000 | 47,700 333 


Typical records for four ships of w ridely different displacement tonnages- 


(see Table 2), as ; plotted ‘and correlated with the sea oscillations, are shown in 
Figs. 10 and 11. tr races in general are complex combinations of harmonic 
components some of which are —s ‘Teco gnizable, but others of which are 2 
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6 RANGE ACTION: 


The of “residuation,” introduced by G. « was 
used to ) good ¢ adv ivantage in sorting out the various components of motion, and 
- these, in the case of the four ships represented in Figs. 10 and 11, are e depicted i in > 
_ Fig. 12, the time base of which is logarithmic for purposes of condensation. © The | 
components thus is isolated are subject to the errors of analysis, of course, for the } 
residuation process is not infallible, but the w writer is inclined to ) regard them on | 
statistical basis b being fairly reliable. 
~~ One fact emerges a at once from Fig. 12—namely, that the dominant periodic 
components in the ship movements are of we of 1 min or 


_ irrespective of the size of the ‘Ship. 


Longitudinal | Movement of the Shi 


4:35PM 

@) Le Tigre in Cross Berth, June 20 (b) pro Amsterdam in Berth ~ June 21 


11.—JuNE, 1945, OBSERVATIONS BETWEEN SEA OsctLLatIons AND Suip Mov 


4 rev eveal, as expected, the prominent fundamental seiches for the basins and their 


The case of the Nieuw uw (47,700 tons displacement) af consider-_ 


able interest in view of the discussion in Section 9. The strongest seiche 

affecting this ship | seemed to be one of 40 sec; yet it chose to resonate with a 
- binodal transverse seiche of about 1- min periodicity, thereby ¢ confirming the 

deduction that large ships tend to resonate at periodicities greater than those of Zz 


The evidence from Figs. 10, 11, and 12, and, indeed, from all the measure- 
_ ments made on a w ide variety of other ships, is conducive to the conclusions — 


= 


—- 8 “Investigation of Seiches of Loch Earn by the Scottish Loch Surv ey,”’ by G. Chrystal, Transactions, 


Royal Soc. of Edinburgh, Vol. 45, 1906, Pt. II, pp. 382- 387. 
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rtical sea | Movements berth) 


(@ ‘NIEUW AMSTERDAM” “DUNCAN BASIN, — 


| Relative amplitudes of vertical sea movements (end A berth) | Ba 
| 
7 
i Relative amplitudes of vertical sea movements (corner number 1, south arm) | | a 
— 
| Relative amplitudes of longitudinal ship movements (cross berth) 
Relative amplitudes of vertical sea movements (end A berth) 
= 


Verified by exper experiment ‘and by both direct obser vs and 
- direct induction, the theory of ship motion under range action evolved in this _ 


paper would seem to be acceptable as an approximation at least to the true | . | 7 
In terms of the t theory a moored | ship i is treated as a mass in motion under | 


the action of the periodic disturbing force of a seiche, but subject to the ‘con- a 
straints of rope springs. The latter, unlike the simple mechanical springs of 
Hooke’s law, are governed bya an exponential tension- displacement relationship. . _ 
| ‘The value of the numerical exponent in this relationship, together with the — | 
: "magnitude of the sea disturbance and the position o of the ship, is the fundamental _ i 
criterion which determines the condition under which the ship will resonate 
‘ with the seiche in longitudinal motion. _ The mass of the ship it itself usually has 
7 only a minor influence on the resonance condition, a and ships. both large and 
small, provided they are similarly tied and similarly situated, react in much the 7” | d 
- same way. Only wl hen a \ variation in mass involves a large variation in deck © ; 
mooring) height, does the ship size assume importance. 
_ The periodicities of seiches in harbors are largely invariable, being dependent _ 
essentially v upon the shape and the dimensions of the basins. Ouby these seiches- 
: Ww hich have a periodicity of about 2 min and less are capable of causing serious 7 
resonant motion i in ships as nor mally moored. — In particular, for most ships of 


commercial : sizes s (say, from. 5,000 tons displacement to 30,000 tons displace- | 


> 


_ment) the dangerous | periodicities would seem to be i in the range from 1 min 


down to about 20 sec. _ Very large v vessels, 1 whose deck height i is considerable, 
are inclined to be affected more by periodicities between 1 min and 2 min. Low 
lying vessels, on the other hand, can oscillate dangerously in high frequency a 
of small amplitude, with periodicities « of less than 20 sec. 
_ The tighter t the e moorings ofa ship are initially, the lower are the periodicities | 


§ which it can resonate. — If shi ips could be tied with perfectly taut ropes, they 


would be completely unresponsive to all seiches, no matter how violent, with | 


_ periodicities greater than about 20 sec. _ Provided, therefore, that a harbor is 


impervious to high frequency v wave trains (periodicities of 30 sec and less), tight 


mooring of ships i is effective antidote to longitudinal range action. 


_ When ships are > poorly tied, or ropes have slackened considerably on the ebb : 
_ tide, resonance is possible at almost any periodicity, and the longer period © 
seiches (greater than 2 min) can become very dangerous. Since _Seiches of 
longer period in a harbor cannot in general be eliminated or subdued by ‘any 
~ method short of entrance locks or gates, it is therefore important that treasonable 


“tightness in in moorings be maintained at all times. 
a In the transverse motion of a ship resonance is not strictly possible. A a 


“dying at the loop end of a transverse seiche is subjected to a comparatively small 


~ lateral displacement \ which cannot ‘usually exceed about 1 ft, either way - from 
eet position, \ under the wo orst conditions, ¢ and cannot call into effective play the 


‘spring action of the ropes. Nevertheless, this amount of movement is sufficient 
— to occasion very large nsent forces between the ship and the quay. The most 


da ngerous periodicities in this action are again in the range ssieaied about reer min 
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NGE ACTION. 


ie to 20 sec. Of Of greatest importance i is is ship size, since the force of impact 
ee virtually as the square of its mass = Berths located along the onnir 


in transverse ranging than berths ‘along the: ter side. 

seed Transverse impact is undoubtedly the most serious feature of range action. 

Initially tight Topes W will not be of much assistance > in th this ¢ case, since the rope 

‘tension that can be called into ) play to | prev event lateral movement is extremely 7 
= If the e evil i is to be endured, the possible protective measures are the 


use of shock- -absorbing fenders or - of bow and stern anchors to hold ships « off the 


quays. 


it is s possible to adopt palitive e measures sto enable e ships to outride 
range ac 1. It is. 


4 should be made reasonably i immune to penetration from -short- period distur -— 
-bances of 2 min and less. Oscillations: of these frequencies are amenable to 
ties by throttling through a chain system of basins, and herein lies the 

effective solution of the range problem. 


Grateful acknowledgment. is due to W. Q Joosting who assisted the 

writer : at Capetown i in securing and plotting measurements on ship motion and | - 

in subsequently searching the records for harmonic components. ~The writer 
desires also to express his appreciation to the Administration of the South — ae 


African Railways and Harbours for. permission to publish this ‘paper. 
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